Abstract
4 acidification experiments using natural biofilms showed bacterial community shifts, with decreasing 
11
Taken together, results from mesocosm, microcosm and cultured isolate experiments indicate a 12 potentially complex interaction between different groups of marine bacteria in response to elevated CO 2 .
13
One promising method to elucidate these types of complex interactions is network analysis. Ecological showed that elevated CO 2 significantly impacted soil bacterial/archaeal community networks, by 20 decreasing the connections for dominant fungal species and reassembling unrelated fungal species in a 21 grassland ecosystem (Tu et al., 2015) . It was also reported using ecological network analysis that 22 5 elevated pCO 2 did not significantly affect microbial community structure and succession in the Arctic 1 Ocean, suggesting bacterioplankton community resilience to elevated pCO 2 (Wang et al., 2016 ).
2
It has been reported that eutrophication problems in coastal regions lead to complex cross-linkages 3 between ocean acidification and eutrophication (Cai et al., 2011) . The occurrence of ocean acidification 4 combined with other environmental stressors such as eutrophication can potentially produce synergistic 5 or antagonistic effects on bacterioplankton that differ from those caused by ocean acidification alone.
6
Although there are some reports from mesocosm experiments describing the response of bacteria to 7 elevated CO 2 , there are limited studies on how the bacterial community responds to ocean acidification in 8 eutrophic marine environments. In this study, Illumina sequencing of the V3-V4 region of the bacterial 9 16S rRNA gene was used to explore the effects of ocean acidification on bacterioplankton community 10 composition and ecological network structure in a eutrophic coastal mesocosm experiment. 
20
was ~650 μatm, due to the active decomposition of land-sourced organic compounds. In order to reach 21 the target low pCO 2 associated with ambient air (400 ppm), Na 2 CO 3 was added to each mesocosm to 
12
Research Organization (CSIRO, Australia) were used as inoculum to construct a model phytoplankton 13 community. The effects of ocean acidification on these phytoplankton species mentioned above have 14 been intensively studied in the lab at physiological, biochemical and molecular levels. However, it is 15 difficult to extrapolate the response of these species to ocean acidification in natural complex 16 environments based on laboratory single species experiments (Busch et al., 2015) . Our experiment was 17 designed as an intermediary step between laboratory and natural community field experiments, with
18
isolates of non-axenic phytoplankton being added to filtered natural waters. In this way, we were able to 
1
The initial concentration of both P. tricornutum and T. weissflogii was 10 cells/mL, and E. huxleyi was 2 added at 20 cells/mL. The phytoplankton cultures were not axenic. The bacteria community 3 composition in the inoculated phytoplankton culture is shown in Fig. S2 . Bacteria were not detectable 4 by flow cytometry in the filtered seawater just before inoculation. The three species of non-axenic 5 phytoplankton with bacterioplankton were mixed and then inoculated into each mesocosm bag. Thus, we 6 considered the initial bacterioplankton community to be the same or similar in each mesocosm bag 7 because the phytoplankton culture with bacterioplankton were evenly distributed into each mesocosm 8 bag for inoculation. The mesocosm and the CO 2 bubbling system were not sterile and not completely 9 closed during the experiment. Therefore, natural bacterioplankton were undoubtedly introduced into the 10 mesocosm system through aeration and air-sea exchange, and the bacterioplankton community in this 11 mesocosm experiment was derived from both the bacteria added with the inoculated phytoplankton 12 culture, and the natural local prokaryotic assemblage.
13
The use of the natural phytoplankton and bacterioplankton communities in this mesocosm experiment The inter-replicate variation in mesocosm experiments is usually more significant than in lab polycarbonate filters) by peristaltic pump was used to filter seawater collected from the mesocosm bags.
15
We tried to do sampling at day 2, but the samples were not successfully collected, probably due to very 16 high concentration of TEP (Transparent Exopolymer Particles) which easily blocked the polycarbonate 17 filter. Some replicates were missing at day 4 because we were able to successfully extract enough DNA
18
for sequencing only from bag 1, bag 7 and bag 6, also probably due to high TEP at day 4. It has been
19
reported that high TEP concentration was associated with high bacteria biomass (Sugimoto et al., 20 2007, Ramaiah et al., 2000) . According to the bacterioplankton abundance data (Fig. S3 sequencing were performed offsite at ANNOROAD using the DNA samples isolated as described above. 
12
Kit Preparation Guide (Illumina, USA).
13

Sequence assignment and sequence statistics analysis
14
Clean paired-end reads were merged using PEAR (Zhang et al., 2014 
17
(McDonald et al., 2012) at 97% identity. OTUs with less than 2 reads were not considered. According to 18 the reference database, the representative sequences for each OTU were aligned using PyNAST 19 (Caporaso et al., 2010a) . Finally, the phylogenetic tree was generated from the Graphlan (Langille 20 et al., 2013) using information on both the relative abundance and phylogenetic relationship of 21 observed species. QIIME 1. 
Ecological network construction and analysis
10
As previously described, ecological network construction and analyses were performed based on the networks judging by significantly higher modularity, clustering coefficient and geodesic distance ( Table   21 1). Then, module separation was produced using greedy modularity optimization, and 
After reaching the peak, the pCO 2 values of both treatments decreased and were no longer statistically 11 different from day 13 onwards due to rapid CO 2 uptake by the phytoplankton, despite air containing 1000 12 ppm CO 2 being continuously bubbled into the HC treatments ( Fig. 1 a, b) . The bacterioplankton biomass
13
were very high on day 2 and day 4 ( Fig. S3) . However, the large amount of DIC (dissolved inorganic 14 carbon) produced by this high biomass of bacterioplankton could not be consumed by the phytoplankton 15 which were still at very low biomass, thus explaining the significant DIC production in the beginning.
16
The continuous rise of pCO 2 until the phytoplankton reached a certain concentration in the beginning was 17 also due to the high concentration of bacteria and the low concentration of phytoplankton, even though 
12
Following sequencing, 828524 high quality sequences were kept after processing (Table. S2), and 39.3%
13
of assembled reads were successfully aligned with the database. As a result, a total of unique 557 14
OTUs were generated after clustering at a 97% similarity level. 49.1% of OTUs were classified to 15 genera level with high taxonomic resolution ( Table. S3 ). The phylogenetic tree was constructed based on 16 the sequences derived from all of the samples (Fig. S4) . The bacterioplankton from all of the samples in 17 this study were identified as members of Bacteriodetes or Proteobacteria phylums. The most dominant
18
OTUs were Alphaproteobacteria, Rhodobacterales, Rhodobacterceae and Sediminicola at class, order,
19
family and genus level respectively (Fig. S5) . The most abundant sequences at class, order, family and while no Epsilonbacteria were detected in the coccolithophore or diatom cultures. Nearly 50% of the 7 bacterioplankton in the mesocosms were composed of Epsilonbacteria in D4.1 (Fig. S2, Fig. 2 ).
8
Bacterioplankton community structure underwent dynamic changes during the diatom bloom in both 9 the HC and LC treatments, varying significantly at different stages of the phytoplankton bloom (Fig. 2 ).
10
At the phylum level, the bacterioplankton were dominated by Proteobacteria, while the relative 11 abundance of Bacteroidetes was very low when nutrients were replete and diatom biomass was not high.
12
However, Bacteroidetes increased dramatically as diatom biomass increased, and began to drop down 13 after reaching a peak at day 10 ( Fig. 2 and Fig. 3 ). In contrast, Proteobacteria began to increase after 14 reaching their lowest concentration at day 10.
15
The Alphaproteobacteria, Flavobacteria, and Gammaproteobacteria classes with high abundance in all 
20
decreased from initially high proportions (46.9 ± 13.2 % in the HC treatment and 43.9 ± 11.6 % in the LC 21 treatment) at day 6 to low proportions at day 10 (27.2 ± 2.8 %) in the HC treatment, but remained almost 22 1 60.8 ± 32.7 % in the LC treatment at day 29 ( Fig. 2 and Fig. 3) . The relative abundance of the 2 Flavobacteria class from the Bacteroidetes increased from the beginning and reached a peak at day 10 3 (52.2 ± 4.2 % in the HC treatment and 24.8 ± 16.9 % in the LC treatment), then dropped down until day 4 19 (19.9 ± 2.2 % in the HC treatment and 18.0 ± 15.4% in the LC treatment) (Fig. 2 and Fig. 3 ). The (Fig 2) , and a dissimilarity test based on ANOSIM, MRPP and ADONIS methods showed 11 that no statistically significant differences were observed (Table 2 ). PCA analysis also agreed with the 12 dissimilarity test (Fig. S8) . The bacterioplankton community diversity in all samples was estimated by 13 observed species, Chao index, Shannon index and Simpson index. Rarefaction curves showed no 14 remarkable differences in community diversity between HC and LC, regardless of the time point (Fig.   15   S6 ). In general, bacterioplankton community diversity in both HC and LC treatments followed the same 16 trend, in that it peaked at day 10 and declined for the remainder of the experiment (Fig. S7) .
17
Although the general trend of bacterioplankton community structure variation was similar in both the
18
HC and LC treatments as described above, some groups of bacterioplankton showed different responses Interestingly, some nodes that were sparsely distributed in independent modules in the LC network 3 formed dense modules with high connectivity in the HC network (Fig. 4) . As the OTUs connected within 
9
Because the phytoplankton-associated bacterioplankton were presumably adapted to the phytoplankton 10 cultures, they were used to living in the artificial seawater, not the local seawater in Wuyuan Bay. As 
18
In this mesocosm experiment, significant variation in community structure was observed through the 19 whole diatom bloom process, suggesting that the diatom bloom was a major driver for bacterioplankton probably contaminated with dinoflagellates at a late stage of the algal bloom, likely resulting in a 5 different bacterioplankton community structure compared to the others. In general, no statistically 6 significant differences were detected in this study, probably due to high variability among replicates. At 7 day 10 the inter-replicate-variability in the relative abundance of some groups of bacterioplankton was 8 relatively low, especially for the HC treatment. Indeed, statistically significant differences between the 9 HC and LC treatments in the abundances of certain groups of bacterioplankton were detected at day 10.
10
Therefore, only when the variability among replicates was smaller than the variability between 11 different treatments could statistically differences between treatments be detected.
12
Although effects of elevated CO 2 on bacterioplankton communities have been reported (Allgaier et al., 
18
Compared to the effects of the phytoplankton bloom, ocean acidification did not strongly influence the 
5
It has previously been proposed that the observed insignificant effects of ocean acidification on coastal 
12
implying elevated CO 2 has the potential to reassemble the bacterioplankton community (Fig. 4) . The 13 positive relationship among these principal components were almost unaltered in the network analysis,
14
suggesting that the positive relationships among them were robust in the face of CO 2 changes, thus 15 contributing to whole community stability (Fig. 4) . It has also been reported that sparsely distributed 
18
It is noteworthy that the OTUs involved in possible community reassembly were not very abundant, proposed that a community with more competitors would be more stable and yield less variation under 6 environmental fluctuations (Gonzalez and Loreau, 2009 ). Therefore, it could be speculated that the 7 dominant competitive relationship between bacterioplankton species in this mesocosm experiment 8 helped the whole bacterioplankton community to adapt to pH perturbations, with less variation in total 9 biomass and diversity.
10
Although the effects of elevated CO 2 on bacterioplankton community structure were not significant, 
2
In this study, the majority of the particle-attached and algae-attached bacteria were filtered out by 3 sequential filtering. Additionally, the archaea were not included in our data because we used the 4 primers 341F/805R, which do not target archaea. Therefore, the community structure of 5 particle-associated bacteria and all archaea were not investigated in our study. Furthermore, a 6 simplified model phytoplankton community was used in this study, composed of the two diatom species 7 P. tricornutum and T. weissflogii in both LC and HC treatments. It is possible that the similarity of the 8 two bacterial communities in the two treatments was due to the similar composition and quality of DOM 9 produced by these two diatoms. With a more diverse natural phytoplankton community experimental 10 system, perhaps different phytoplankton taxa would have dominated in the HC and LC treatments,
11
leading to different bacterial communities. In future studies, it would also be worthwhile to sample over 12 a diel cycle in order to understand the cyclic variability in pH, and whether this affects short term changes 13 in bacterioplankton community structure.
14
Conclusion
15
Elevated CO 2 was not a strong influence on bacterioplankton community structure compared to the 
